BACKGROUND: About 20% of women with ovarian cancer have low concentrations of serum cancer antigen 125 (CA125), and this important tumor marker cannot be used to monitor their disease. The measured concentration for mucin 1 (MUC1), or CA15-3, another tumor marker, can be lowered in breast and ovarian cancer patients when circulating immune complexes (CICs) containing antibodies bound to the free antigen are present. Because CA125 and MUC1 are related members of the mucin family, we sought to determine whether CICs might also exist for CA125 and interfere with its clinical assay.
METHODS:
We developed an antigen capture-based assay to determine the presence of CICs for CA125. We spotted mouse antibodies to CA125 onto nanoparticle slides, incubated them with patient serum, and added Cy5-tagged goat antihuman IgG antibodies. Fluorescence intensities were read and normalized to the intensities for glutathione S-transferase A1 as a control.
RESULTS:
Assay results for 23 ovarian cancer cases with high CA125 concentrations, 43 cases with low CA125 concentrations, and 19 controls (mean CA125 concentrations, 2706, 23, and 11 kilounits/L, respectively) revealed mean fluorescence intensities for CA125 CIC of 2.30, 2.72, and 1.99 intensity units (iu), respectively. A generalized linear model adjusted for batch and age showed higher CA125 CIC fluorescence intensities in low-CA125 cases than in high-CA125 cases (P ϭ 0.03) and controls (P ϭ 0.0005). Four ovarian cancer patients who had recurrent disease and always had low CA125 values had a mean CA125 CIC value of 3.06 iu (95% CI, 2.34 -4.01 iu).
CONCLUSIONS:
These preliminary results suggest the existence of CICs involving CA125, which may help explain some ovarian cancer cases with low CA125 concentrations.
In 1983, cancer (or carbohydrate) antigen 125 (CA125) 6 was proposed as a serum biomarker for ovarian cancer (1 ) and in 2001 was recognized as a member of the mucin family of cell-surface or secreted glycoproteins (2 ) . Clinical CA125 concentrations are increased to Ͼ35 kilounits/L in about 80% of women with epithelial ovarian cancer, and CA125 concentration is correlated directly with disease stage and inversely with survival (3, 4 ) . The kinetics of this marker during chemotherapy predict disease status and survival (5, 6 ) , and concentrations after therapy are used to monitor disease recurrence (7 ) . CA125 has been suggested for distinguishing benign from malignant pelvic masses (8 ) and in combination with ultrasound as a potential screening tool for ovarian cancer (9, 10 ) . For all these uses, the ovarian cancer case with low CA125 concentrations is problematic.
One determinant of CA125 concentration is the degree of its production in tumors. Høgdall et al. (11 ) found the percentage of CA125-positive tumors to be highest for serous tumors (85%-90%), lowest for mucinous tumors (6%-12%), and intermediate for clear cell and endometrioid tumors (40%-65%). Although the serum CA125 concentration generally tracks with tissue production, some patients have a low serum CA125 concentration despite high tissue production. These authors wondered whether detection was reduced because of an altered form of CA125. Our observations related to another mucin [mucin 1 (MUC1)] and its assay (CA15-3) prompted us to study this idea.
Similarities that MUC1 shares with CA125 (also known as MUC16) include a cytoplasmic tail, a transmembrane component, and a surface component consisting of heavily glycosylated peptide repeats that is shed during carcinogenesis (12 ) . Because shed MUC1 is less glycosylated, it can elicit anti-MUC1 antibodies, which are found in association with various tumors (13 ) as well as with certain inflammatory conditions, such as ulcerative colitis (14 ) . These antibodies can form circulating immune complexes (CICs) with MUC1. An inverse correlation observed between MUC1 CICs and CA15-3 in patients with breast and ovarian cancers indicates that such complexes can interfere with the free-antigen assay (15 ) . That CICs may also exist for CA125 is suggested by the results of testing of a murine anti-CA125 antibody as an imaging agent, which revealed that the antibody formed CICs with CA125 after injection (16 ) . Thus, we sought to determine whether "natural" CA125 CICs also exist and, if so, whether they help explain the ovarian cancer case with a low CA125 value.
We developed an antigen-capture approach to measure CA125 CICs. The platform uses mouse monoclonal antibodies to CA125 purified from human ovarian carcinoma (clone ϫ75 from Novus Biologicals) spotted onto nanoparticle slides (Inanovate) to capture CA125 antigen and immune complexes. Antibodies are printed at 3 different amounts (400, 200, and 100 g per spot), with each amount spotted 5 times in a given array. To measure CA125 antigen, we added 100 L of undiluted serum to the microarray, incubated the slides for 1 h at room temperature with gentle rocking, and then washed the slides with 1 volume of I-wash microarray buffer (Inanovate) in 9 of water. We added rabbit anti-MUC16 antibody Mouse monoclonal antibodies to CA125 are spotted onto a nanoparticle slide, and patient serum is added. After washing, rabbit anti-CA125 antibody is added, followed by Cy5-tagged goat antirabbit antibody (A). When CA125 is bound in an immune complex with human anti-CA125, the rabbit anti-CA125 antibodies may be blocked (B). CA125 immune complexes are measured by adding Cy5-tagged goat antihuman IgG antibodies immediately following incubation with the sera (C). The insets of panels A-C illustrate the array-based antigen and immune complex reactions in an invasive serous case with a CA125 concentration of 3331 kilounits/L, compared with an invasive serous case with a CA125 concentration of 26.7 kilounits/L. The free-antigen assay is strongly positive for the high-CA125 case and weakly positive for the low-CA125 case. The opposite occurs for the CA125 CIC assay. Green spots are BSA controls as orientation markers. We subsequently introduced an array that included a mouse monoclonal antibody to GSTA1, which served as a negative control and allowed calculation of a "normalized" intensity for the CA125 CIC. (D), A pair of cases from Table 1 -one with a CA125 concentration of 21 kilounits/L and a normalized fluorescence intensity of 2.9 iu (right) and a second with a CA125 of 2880 kilounits/L and normalized fluorescence intensity of 1.1 iu (left).
(Novus Biologicals) and then Cy5-tagged goat antirabbit antibody (Novus Biologicals) to detect free CA125 (see Fig. 1A ). If CA125 is in an immune complex, the rabbit anti-CA125 antibodies may be blocked (Fig. 1B) .
To test for a CA125 CIC, we diluted serum samples from cases and controls to 1 volume in 999 volumes of I-wash microarray buffer, incubated the sera (without the addition of rabbit anti-MUC16 antibody) for 1 h at room temperature, and added Cy5-tagged goat antihuman IgG antibodies (Novus Biologicals) immediately after incubation (Fig. 1C) . Fig. 1D illustrates results from the latest prototype of the assay, which uses a glutathione S-transferase A1 (GSTA1) control to distinguish nonspecific binding and to calculate a "normalized" intensity. We used a ScanArray microarray scanner and software system (PerkinElmer) to scan slides for fluorescence intensities and to normalize them to the fluorescence intensities of mouse monoclonal antibodies to GSTA1 (clone 2F7 from Novus Biologicals), which served as a negative control. The GSTA1 antibodies were similarly spotted at 400, 200, and 100 g per spot, and each concentration was spotted 5 times in a given array. For a given spot at a given antibody concentration (i.e., 400, 200, or 100 g), normalized values for the CA125 CIC were calculated as the fluorescence intensity of Cy5-tagged goat antihuman IgG antibodies bound to CA125 CIC, divided by the fluorescence intensity of Cy5-tagged goat antihuman IgG antibodies to GSTA1. Because we spotted each antibody 5 times for each amount, we were able to calculate the between-spot CV for each amount.
To test the CA125 CIC assay, we used preoperative blood samples collected from ovarian cancer patients and control samples from individuals in the general population. Individuals in both groups were enrolled under protocols approved by the Brigham and Women's Hospital and Massachusetts General Hospital Institutional Review Board. Patients were selected on the basis of their pretherapy CA125 concentration, as measured in the clinical laboratories of these 2 institutions. Controls were enrolled as part of an ovarian cancer case-control study and were age-matched to the cases. The assays were performed in 2 batches, each of which had high-CA125 and low-CA125 cases and controls.
Readings obtained with the 200-g amount produced the lowest CVs and were chosen for this report. Within-sample (between-spot) CVs averaged 17% for the cases and 14% for the controls, whereas betweenreplicate CVs averaged 14% for cases and 11% for the controls. Twenty-three high-CA125 cancer cases (mean CA125 concentration, 2706 kilounits/L) had a mean CA125 CIC fluorescence intensity of 2.3 intensity units (iu) (95% CI, 2.02-2.62 iu) ( Table 1) . Forty-three low-CA125 cases (mean CA125 concentration, 23 kilounits/L) had a mean CA125 CIC fluorescence intensity of 2.72 iu (95% CI, 2.48 -2.98 iu). Nineteen controls (mean CA125 concentration, 11 kilounits/L) had a mean CIC fluorescence intensity of 1.99 iu (95% CI, 1.73-2.29 iu). Analysis of a generalized linear model that adjusted for batch and age showed that CA125 CIC values for low-CA125 cases were significantly higher than for high-CA125 cases (P ϭ 0.03) and controls (P ϭ 0.0005). Similarly significant P values for differences in CA125 CICs were observed when only the subset of serous low-CA125 cases was compared with the latter 2 groups (P ϭ 0.05, and P ϭ 0.003, respectively). There was no significant difference in CA125 CIC values between the high-CA125 cases and controls (P ϭ 0.18). Four ovarian cancer patients who had recurrent disease and always had low CA125 concentrations had a mean fluorescence intensity for CA125 CIC of 3.06 iu (95% CI, 2.34 -4.01 iu). Tissue staining for CA125 in samples from a small number of high-CA125 cases (n ϭ 5) and low-CA125 cases (n ϭ 3) revealed strong staining in both groups. Although our CA125 CIC assay must be further refined and validated with larger sample sets, results from this experiment provide preliminary evidence that immune complexes for CA125 exist in patients with ovarian cancer and may affect conventional assay readings. The fact that CA125 is the most important biomarker for ovarian cancer underscores the need to better understand this marker and to explain why CA125 concentrations are not increased in some cases of ovarian cancer. A reliable assay for detecting and quantifying CA125 CICs could have important implications for the current use of CA125 in disease monitoring and may have a future use in screening.
